Jean Deshayes, a teacher of mathematics in his native France, single-handedly put Québec on the map, literally. An accomplished astronomer, he used the lunar eclipse of 10-11 December 1685 to determine the settlement's longitude to unprecedented (although most likely fortuitously high) accuracy for the times. Deshayes contributed invaluable practical insights to the most important contemporary scientific debate-the discussion regarding the shape and size of the Earth-which still resonate today. Over the course of several decades and equipped with an increasingly sophisticated suite of surveyor's instruments, his careful scientific approach to hydrography and cartography of Canada's Saint Lawrence River is an excellent example of the zeitgeist associated with the 17th century's 'Scientific Revolution.'
was dispatched to Acadia and Canada by King Louis XIV's right-hand adviser, the newly appointed Minister of the Marine, Jean-Baptiste Colbert . The scholar was given specific instructions 6 to obtain astronomical observations 7 and construct an accurate chart of the Saint Lawrence River.
Despite the mission's urgency, however, his reception in Québec was anything but welcoming. The acting Governor-General, Jacques-René Brisay (1637-1710), Marquis de Denonville, was clearly more interested in protecting the positions of Jean-Baptiste-Louis Franquelin (1650-c. 1712) as 'Royal Hydrographer in Québec' and that of his successor, Louis Jolliet (1645-c. 1700 ). This is abundantly clear from a passage in a letter to Colbert of 13 November 1685 (Gagnon, 1900 (Gagnon, -1901 :
If I had dared, I would have sent back to you the said Mr. des Hayes, because I believe that Mr. Jol [l] iet would have done this work well for you; but since I understand that he is here at your orders, it is not my place to question your reasons. Please have the kindness, my Lord, to let me know your orders, and whether you want to use Jol [l] iet [instead] , who has his own boat. 8 Despite his apparently hurt feelings, shortly after Deshayes' arrival, Denonville took the cartographer on a physically challenging 350-mile canoe ride up the Saint Lawrence River to its source at Fort Frontenac, Cataracouy-present-day Kingston, ON-on Lake Ontario (see Figure 1 ). The Frenchman's main task was to derive the latitudes of all places where he went ashore, a key task for all explorers of New France since the arrival in the colonies of Samuel de Champlain (Jarrell 1988) . The latter had based his (rather uncertain 9 ) latitude determinations on solar altitude measurements with his astrolabe, whereas Deshayes relied on measuring the altitude of Polaris above the northern horizon while accounting for the small daily circle Polaris traces around the celestial North Pole owing to the Earth's rotation. The enterprise turned sour soon after their departure, however, as we learn from Denonville's report (Delanglez, 1943) :
This was not done without trouble. I thought that he was going to die at any moment in my canoe. I told him to mark on his map all the inhabited places of the colony. You may be sure, my Lord, that it is accurate. In time, my Lord, we shall try to provide you with a good knowledge of the whole country.
In fact, the expedition was pressed for time because of Denonville's desire to reach Lake Ontario as soon as possible. Deshayes was therefore not in a position to properly establish base stations for his angle measurements . Using a quadrant he was only able to determine the approximate latitudes of ten places where he managed to go ashore. This was a crude measure by any means, even for the times. 10 Limited by both the instrument's relatively small size (and, hence, by the angular resolution attainable) and external influences (including wind and wave motions), it allowed him to only determine positions to within about five minutes of arc. At Fort Frontenac, he obtained just three measurements owing to high winds. In modern terms, Deshayes' latitudes were systematically too far north by between 5' and 25' . This can be attributed to either observer error-systematic positional offsets between the quadrant's viewing angle and the observer's eye line, elevation differences or other external influences-or instrumentation.
It is unknown what caused the main offsets in this case, although one of Deshayes' successors attributed the systematic offsets to the instruments that had been employed.
THE DECEMBER 1685 LUNAR ECLIPSE
In a letter of 3 December that year, Denonville re-emphasized Deshayes' frail health to Colbert: "Mr. Deshayes, whom you sent to compile the river's map is so exhausted by illness that he will not be able to work all year" (Roy, 1916: 129) . However, just a week later Deshayes made one of his most important contributions to the development of cartography in New France.
On 10 December 1685, he carefully observed the time when the Moon left the shadow of the Earth during a full lunar eclipse, 11 , 12 which-according to modern calculations 13 -commenced at 23:22 UT. Back in Paris, Jean-Dominique Cassini (1625-1712), the founding director of the Observatoire de Paris, observed the same eclipse (Chartrand et al., 1987) . Their time measurements 14 differed by 4 hours 48 minutes and 52 seconds, corresponding to a distance in longitude of 72°13' between Paris and Québec. These values were published in the Connoissance des temps pour l'année 1706 au méridien de Paris, the leading almanac in the francophone world. 15 There is some disagreement among scholars as to whether Deshayes determined the longitude of Québec himself (Pritchard, 2004; Palomino, 2009) or whether this was instead achieved by Cassini at a later date. Both men likely performed the calculations independently: on a copy of a document accompanying his new chart of the river, we find handwritten notes by Deshayes himself, explaining how he determined the settlement's longitude. 16 The 1685 lunareclipse-based meridian determination is often thought to have been the first accurate longitude determination in New France.
However, suggests that Deshayes' subsequent determination of the Québec meridian in the spring of 1686 (see below) should be regarded the first such measurement. The latter appears to have been published and widely advertised well before the lunareclipse-based determination reached a wider audience, although it may not have been as accurate.
Assisted by the Jesuit Father Pierre Raffiex (1633-1724), Deshayes observed several positional angles from the belfry of the Jesuits' chapel toward unspecified "notable places." He subsequently observed the height of the Sun, as well as its rising and setting times, from some of those locations on two consecutive days. Deshayes obtained his measurements using simple and box compasses, a circle, a quadrant and a surveyor's 'plane-table' (see Figure 2 ). In his seminal work, The Compleat
Surveyor, the English mathematician and surveyor William Leybourn (1626 Leybourn ( -1716 specifically recommends that "the manner of Surveying by way of Traverse"establishing control networks of survey stations which each serve as calibration base for the next station's position determination-is best suited to map large areas, including entire countries. In this case, "the Account were best to be kept by the bearing and distance of Places; which way of Surveying is shewed at large in the Fourth Book": see Figure 2 (top), where the "Card" placed on the surveyor's plane- Numerous and varied measurements obtained with Deshayes' basic instruments, combined with the latitude of Québec determined by Father Raffiex in the garden of the Jesuit's quarter on an earlier occasion, allowed the men to establish a meridian for Québec. The longitude meridian was taken from Dupont's windmill, located at Cape Diamond, through the chapel's belfry, to a mountain peak some 12 to 15 leagues to the north. Deshayes emphasized that "[t]he observed azimuth is the foundation of the whole chart" (Pritchard, 1979: 132) . Nevertheless, the accuracy of the earlier, lunar-eclipse-based meridian determination of Québec, reported to a precision of seconds of arc, was far superior. Lunareclipse timings (particularly ingress and egress of the Earth's shadow) could be determined with high accuracy using contemporary clocks. asserts that the actual distance between Deshayes' longitude determination and the true meridian is only 1°23′. This is equivalent to 102 km at the latitude of Québec; 17 the discrepancy may have been caused by both observational errors and deficiencies in the lunar ephemeris tables at Deshayes' disposal (Jarrell, 1988) .
It is unclear exactly where in Québec City Deshayes obtained his observations. If he used the Jesuit chapel's belfry as his base, present-day cartography renders its position at 71°12′29″ East (the Jesuit Collège was located at the city's present-day City Hall 18 ; see Figure 3 ). Combined with the Paris meridian through the Observatoire de Paris of 2°20′14.03″ West, this yields a geographic separation of 73°32′43″, compared with Deshayes' determination of 72°13′, a difference of 1°20′. Alternatively, if we use the modern longitudes of Québec City and Paris, respectively 71°13′ West 19 and 2°21′ East 20 , we find a longitude difference of 73°34′, which deviates by 1°13′ from Deshayes' value. It thus transpires that an uncertainty of order 7′ in contemporary measurements, corresponding to approximately 9 km at the latitude of Québec City, may not have been all that unusual. This suggests that Deshayes' declaration of the accuracy of his longitude measurement to within a few minutes of arc, and particularly with respect to the longitude of Paris, may have been overly optimistic.
Deshayes' highly accurate establishment of the Québec meridian is not just an interesting historical side-note. French efforts to determine the shape of the Earth were the focus of a fierce scientific debate raging in the Académie Royale des Sciences in the 16th to 18th centuries. Political, commercial and military considerations were only secondary to the main scientific problem at hand (Pritchard, 2004) . We will shortly return to the scientific implications of these developments. Nevertheless, and despite this emphasis on resolving one of the key scientific problems of the era, Deshayes' 1685 expedition to New France ultimately had a practical aim, that is, to construct a hydrographic chart of the Saint Lawrence River. It is therefore highly significant that the mission was sponsored by the King's navy rather than by the Académie. This is particularly so, because the institution had been established by Colbert with the ultimate aims to give the French government, and in particular its King, more prestige and authority among the European nations and to make France a great maritime power. In essence, therefore, the Académie responded to the needs of the State as regards technical policy advice. Its scientists engaged in both full-time scientific research and government-mandated engineering projects (Gauja, 1949; Saunders, 1984) . As such, the Académie's scientific efforts were not truly independent, but they relied to a large extent on the political desires of the ruling monarch and his ministers. Although Colbert supported scientific exploration as a goal in itself, he was particularly keen to pursue those aspects of mathematics, astronomy and mechanics that would benefit the French navy's navigation capabilities (Gauja, 1949; Saunders, 1984) . In turn, this would strengthen the navy and expand the State's commercial reach around the world.
THE RIGHT MAN FOR THE JOB
Land measurements are important to define ownership rights. The precise meridian based on Deshayes' measurements would serve for cadastral mapping (Heidenreich, 2006) , that is, to design surveys for land grants, known as seigneuries in the colonies. The first regional map indicating property boundaries and building locations was the 1641 map of the surveyor Jean Bourdon (c. 1601-1668). As we will see below, the first reliable chart of the Saint Lawrence River Valley was constructed by Jolliet and Franquelin in 1685. It was subsequently improved by Deshayes. 21 Deshayes was well placed to lead the colony's cartographic mapping efforts. And despite his initial misgivings, Denonville was apparently impressed by Deshayes' mapmaking and charting skills, on which he expounded in his letter to Colbert of 8 May 1686 (Gagnon, 1900 (Gagnon, -1901 . In the same letter, he also requested resumption of hydrography courses in Québec: I have the honor to tell you that it would be very useful for the King and the country to have here someone teaching the principles of navigation. The Jesuit Fathers had one person who did a good job, who did everything we needed to educate people in navigation and who served our merchants [well] . It has been some time since this man died; unless the King gives us someone to replace him, we will not have anyone [competent] anymore; however we are short of pilots, five having died in the past three years, and the country suffers a lot.
Although nothing is known about his early life or family background, references to a certain Deshayes (Deshaies) first appear around 1668. If this 'Deshaies' was indeed the Royal Hydrographer of 1685, he was clearly already recognized as a promising scholar. 22 The engineer Sainte-Colombe described him as "a man of strong good sense" (Pritchard, 1969; revised 1982) .
Mathematics education in 17th century France was still predominantly the realm of the Roman Catholic church. Essentially all French universities were controlled by teaching congregations, the best-known and most powerful of which during the first half of the 17th century-until it was eventually dissolved by King Louis XV in 1764 (Vogel, 2010) -was the Society of Jesus: by the middle of the century, the Society was in charge of educating some 14,000 pupils in Paris alone, whereas it ran 612 Jesuit colleges across the country (Sofroniou, 2016) . In 16th and 17th century France, a more practical branch of mathematics pedagogy developed, aimed at middle-class students, with particular emphasis on the vocational use of mathematics in relation to commerce, surveying and navigation (Jones, 1967) . As an example, these new developments are clearly evidenced in Father Petrus Galtrucius Aurelianensis' (1602-1681) Mathematicae Totius (Cambridge, 1683), which included sections focusing on the four 'quadrivium' subjects, arithmetic, geometry, music and astronomy, as well as four practical subjects, chronology, 'gnomonicae' (sun dials), geography and optics. Deshayes was educated and taught mathematics and hydrology in this broader national context. Deshayes' grounding in the Jesuit teachings appears to be further supported by his evidently strong links, post-1685, to the Jesuit Collège in Québec, which represented the main seat of knowledge and education in the young colony of New France.
In the late 1660s, the Académie, and Colbert in particular, was keen to test a novel method for longitude determination at sea acquired from a foreign scholar-possibly the Dutch natural philosopher Christiaan Huygens (1629 -1695 de Grijs, 2017) . Deshayes was tasked with validating the method-which involved obtaining time measurements of eclipses of the Moon and of Jupiter's satellites-on a voyage to Acadia, set to take place shortly after 1668. Given the immature status of timekeeping onboard rolling and pitching ships at the time, it is unclear whether Deshayes achieved his aims. Nevertheless, in 1669 he presented his own, rather complicated approach to determining one's longitude at sea based on lunardistance measurements. It was never widely adopted, however, because of the less-thanstraightforward calculations sailors would need to perform to obtain useful results .
Meanwhile, Colbert received a letter from his protégé Jean Talon, announcing that (Olmsted, 1960; see also O'Connor and Robertson, 2012) I have already had the honor to write you that [Jean] Richer will embark … on the Saint Sébastien for Acadia. Deshayes will also sail on the same vessel with the instrument 23 that he has made in Paris. It is to be hoped that from the contact of these two men, who are embarking on good terms, knowledge will result with which you may be satisfied.
Delayed by inclement weather conditions, the Saint Sébastien eventually sailed from La Rochelle, France, on 1 May 1670. Deshayes is not mentioned again in the expedition's reports. However, the scientific aspects of the voyage were not altogether successful (de Grijs, 2017) , so that Deshayes may simply not have obtained any worthwhile longitude determinations. Nevertheless, the expedition resulted in a number of important cartographic measurements, particularly that of the latitude of the French fort at Pentagoûët (present-day Castine, Maine) of 44°23'20" North, only 5" from the correct value, 44°23'25" North. This measurement is significant and the accuracy remarkable, because it was given to the nearest second of arc at a time when such measurements were usually quoted in degrees and minutes only.
Deshayes' efforts in determining accurate positions were part of a larger French scheme driven by Cassini and the Académie, once again combining scientific exploration with the State's practical needs. King Louis XIV had appointed teams of astronomers to map his kingdom using observations of stellar occultations or eclipses (de Grijs, 2017) . Jean Picard (1620-1682), founding member of the Académie, and Philippe de la Hire (1640-1718) determined the coordinates of the French Atlantic coast between 1679 and 1681, which led to significantly revised maps. Meanwhile, Deshayes and someone known as 'le Sieur Varin,' possibly Charles-Nicolas Varin (Danson, 2006) , a mathematics teacher from Paris, contributed observations in Rouen and Dieppe, before setting off on a voyage to Africa and the West Indies in 1681-1683. Deshayes was promoted to His Majesty's Engineer for Hydrography and dispatched to determine longitudes on an extended voyage to the island of Gorée (off the African coast near present-day Dakar, Senegal) and to Martinique and Guadeloupe in the Caribbean. This latter expedition was of great importance, since King Louis XIII had already issued a decree on 1 July 1634 announcing that French scientists and navigators should use the meridian through the westernmost of the Canary Islands, Ferro (El Hierro), as positional reference. Unfortunately, at the time the longitude of the Canary Islands with respect to that of Paris was poorly known (Dew, 2010) . The expedition of Deshayes and Varin was meant to obtain a first firm measurement of Ferro's longitude. However, after significant delays, the idea of sailing to Ferro was abandoned and the expedition's focus was recast to visiting Gorée Island and the Antilles instead (Dew, 2010) .
Despite this apparent setback, the expedition provided crucial measurements of the length of the simple 'seconds' pendulum, which beat with a precisely calibrated period and might be employed as a universal time standard. However, the Earth's rotation, combined with its slightly flattened shape at the Poles (a shape known as an 'oblate spheroid'), reduces the net gravitational force component at the Equator compared with that at the Poles. As a consequence, the length of the seconds pendulum should become shorter as one travels toward lower latitudes. Its length in Paris was well-established (de Grijs, 2017) . A number of leading scholars associated with the Académie-including Huygens, Richer and Picard-had measured highly consistent values for the pendulum's one-second fall length in Paris (Harper, 2011: Table 5 .2). Away from Paris, the available measurements were not as clear-cut, however. Richer's measurements in 1672 in Cayenne, near the Equator, implied a shortening by 1¼ lignes (2.8 mm). Confusingly, in 1682 the team led by Varin on the expedition to Gorée Island and Guadeloupe concluded that the seconds pendulum had to be shortened by 2 lignes on Gorée Island (Varin et al., 1682) , 10° further north than Cayenne, while an additional correction was required in Guadeloupe, more than 16° north of the Equator (de Grijs, 2017). Given these inconsistencies, a systematic exploration of the length of the seconds pendulum and its variation with latitude was urgently needed, using the same experimental set-up. This realization emphasizes the changing scholarly attitudes driven by the 16th and 17th century 'Scientific Revolution', when a critical, empirical assessment of nature rather than religious doctrine or Aristotelian explanations became the modus operandi.
Deshayes' contributions to measuring the length of the seconds pendulum in both Gorée and the West Indies thus provided crucial information regarding the shape of the Earth.
In this context and given his credentials as a careful scholar, Deshayes was clearly well positioned to take the lead in charting the Saint Lawrence River Valley based on careful astronomical observations. Despite his initial health woes, preparations proceeded decisively during the winter of 1685-1686. He undertook extensive consultations with local navigators, including Jolliet, in an effort to understand the best approach to surveying the land. He established the baselines for his large-scale triangulation survey of the river the following year, with his first baseline running a distance of 1560 toises 24 from "la pointe des roches" in Lower Town Québec across the frozen river to the second knoll of Pointe-Lévy (Pointe-Lévis). He established two additional baselines, one of 608 toises and a second of 6805 toises (close to 8¼ miles, or just over 13 km). The former was laid from the same point of origin as his first baseline, to the corresponding shoreline on the Québec side, while the latter extended downriver along the north shore opposite the Île aux Lièvres. Eventually, his survey of the Saint Lawrence River Valley covered the entire region from Québec City downriver to the area known today as Sept-Îles. It required measurements of some 300 triangles spanning a distance of around 560 km (Hamilton and Seibert, 1996) .
Perhaps surprisingly, Deshayes' three baselines were the least accurately measured distances of the entire survey-possibly on account of his rudimentary measurement device: all he had access to was a demi-pied de Roi (a six-inch rule), which in first instance he applied to construct a toise, in turn used to measure a 10-toise or approximately 19.49 meterlong cable covered in beeswax (to reduce the effects of variations in humidity; . Nevertheless, this device would have rendered determining any significant distances cumbersome even in optimal conditions, let alone those across the frozen Saint Lawrence River. Although one would ordinarily expect that any subsequent measures would be even less accurate, Deshayes managed to correct for most of the inaccuracies that would inevitably propagate into his work by employing independently observed latitudes as calibration benchmarks. For a detailed account of how Deshayes obtained his measurements, as well as of the difficulties thrown up by the rugged terrain, I refer the reader to , where we learn that …
[o]bserved angles were extremely important but difficult to establish in the uninhabited region of the lower St. Lawrence where few convenient objects existed on which to take bearings. The great width of the river made accurate definition of objects on the opposite shore impossible and Deshayes had to sight on distant mountain summits in order to obtain guides to further stations. The possible error was very great, for although the hydrographer established stations and turned angles on all the headlands along the north shore, the mountains to the south were necessary to tie the stations together. The summits were irregular and the same point on any summit was not observed from any two stations. (…) Much of the shoreline had to be located by compass bearings which introduced additional errors owing to magnetic declination, but Deshayes tried to correct these by incorporating spherical observations.
With the expedition about to start, on 8 May 1686 Denonville wrote to Colbert (Roy, 1916) , Mr Deshayes is waiting for the caulking of his boat 25 to be completed in order to travel down the river and survey the region as far as the Gulf of Saint Lawrence; in a few days he will set sail. (…) Mr Deshayes has gone for a hike along the banks of the river below Québec, while waiting for the navigation channel to clear for him to sail down to the river's estuary: he will focus on identifying difficult passages and places where islands would prevent ships from coming here in case we had to fear a powerful enemy approaching from the sea. 26 Clearly, Deshayes had recovered his health by this time, given that he made extensive journeys across the frozen landscape on snowshoes. He hiked as far south as the Rivière Ouelle, some 110 km downstream of Québec City, while his northern pursuits reached Cap Tourmente and the Île d'Orléans . Deshayes spent the next six months, until November 1686, surveying the river below Québec, accompanied by a crew of seven. Using up-to-date instruments-including a plane-table equipped with fixed and moveable sighting telescopic alidades (sighting devices for determining angles), a major innovation at the time-and surveying techniques, he compiled a detailed hydrographic map of the river valley, the Saint Lawrence Seaway, including remarkably accurate river soundings (see Figure 4 ). 27 I had a plane table made by But[t]erfield 28 only nine to ten inches in diameter on which was attached a brass arm divided into degrees. 29 There were two telescopes for sighting, passing through the center [axis], the one mobile on the graduated side, the other fixed to the other side. (Deshayes, 1686) Pressed for time, however, he followed a surveying regime that was "more forced than natural and deliberate" (Pritchard, 1979: 128; transl .) It consisted of alternating sounding measurements of the river with trigonometric readings on shore, to varying degrees of detail-depending on the importance of the specific location. He also obtained 21 latitude measurements below Québec, as before based on sightings of Polaris. Again, his values were systematically too large, but this time only by one to five minutes of arc. It is most likely that his instrument was to blame for this systematic offset. At least, that was the conclusion reached some 70 years later by Father Joseph Pierre de Bonnécamps (1707/8-1790), the colony's last Professor of Hydrography. However, de Bonnécamps added (Gosselin, 1897: 98; transl.) , … if you had, as I do, the instrument that he used, your surprize [sic] would soon cease. It is a plane-table 8-2/3 inches in diameter and fitted with a copper edge divided into 360 degrees each of which is at least 5/6 [of a degree] out of line. 30 Now, however experienced an observer might be, could he be responsible for 7' or 8' with such an instrument?
AN INCOMPLETE CHART AS SURPRISING BENCHMARK
For unknown reasons, Deshayes left for France in November 1686, without having completed his survey. The chart resulting from Deshayes' expedition did not include the Île d'Anticosti or the Île Percé. Denonville informed the minister of the survey's status in a letter dated 10 November 1686 (Roy, 1916: 130) : Mr Deshayes will report to you, my Lord, on his job. We would need him to continue for several years in the Gulf [of Saint Lawrence] and at the estuary at the Grand Bank, given that we do not have any reliable maps; there is an infinity of currents to observe which change from side to side, with many incorrectly placed islands [located] on the maps. On 16 November, Intendant de Meulles added (Roy, 191: 130) , I have also paid to Mr Deshayes, hydrographer, 150 l. [livres] to cover the expenses of his voyage from France. If by doing so I have done something which is unpleasant to you, my Lord, I will not do it again.
Deshayes did not return until 1702. Meanwhile, Franquelin took on Deshayes' role as Royal Hydrographer and became the colony's first official mapmaker. His maps are known for their colorful and decorative features, but not for their scientific accuracy.
The importance of the hydrographic map resulting from Deshayes' 1686 triangulation survey 31 cannot be overstated: as we will see below, it became the precursor of all modern Canadian charts. It was likely used by James Cook (1728-1779) , the well-known British explorer, in 1759 on the Saint Lawrence River in Québec's Lower Town (Cook's later charts would have supplanted Deshayes' efforts of the previous century, as the British took control of North America; see Section 6). Yet, at the time of its compilation, little was done with the information obtained by these early expeditions. It took until the end of the century before Deshayes' practical insights reached those who needed them. The main problem was the ready and cheap availability of reliable Dutch charts for crossing the North Atlantic (although those lacked detail beyond coastal areas) and-perhaps surprisingly given the dual practical and scientific aims foreseen for the young Académie-the absence of a coordinated scientific approach within the French establishment prior to the end of the 17th century (see below).
In 1699, the Académie praised Deshayes' chart, "which traces the Saint Lawrence River's course, from its mouth to Lake Ontario [and] has been judged very accurate [and] of great use for navigation of the Saint Lawrence River." 32 It covered the river's estuary in detail, from the Pointe-des-Monts Peles at the onset of the Gulf of Saint Lawrence to the Coste de l'Île Percé on the Gulf's opposite shore. A large inset covered the river valley from Québec to Lake Ontario. Contrary to common practice at the time, Deshayes' chart did not include a decorative title cartouche. However, the cartographer had instead provided a detailed description in an accompanying document. 33 The idea was not only that this document could be used to understand the chart's features, but also that it would be a teaching aid as well as a tool for pilots navigating the river. Deshayes' report is composed of two parts, with the first part containing the survey summary and sailing directions, and the second part "the rest, [which] is only to render witness to the fidelity of the measurements of this chart." However, 'the rest' is what makes this chart and its documentation particularly valuable. Figure 5 represents the 1715 version of Deshayes' chart, showing the great level of detail. The chart is based on equal-angle projection and oriented with geographic North pointing upward. The direction to the magnetic North Pole is shown by means of a wind rose and the inscription "Nord de compas 15 deg. ½ de variation Nord-Ouest à Québec 1686," implying that the geographic and magnetic North Poles differed by 15½ degrees to the northwest on local maps. Deshayes adopted the Québec meridian he had determined based on the December 1685 lunar eclipse as his positional reference. He also included a longitude-latitude grid on a Mercator map projection, as had been in common use since the mid-to late-16th century (e.g., de Grijs, 2017), but not a linear scale. In 1703, the French cartographer Guillaume Delisle (1675-1726), known for his careful cartographic research, published the first map of the region to contain a modern grid pattern.
Deshayes' chart is rich in detail: it includes anchorages, deep seabed, reefs (flats, rocks and others), channels and soundings (reduced water levels at low tide). One can also discern houses and mills on the river banks. The chart's font size and form (regular, italic, straight and slanted) are used as tools to differentiate among types of landmarks: rivers, canals, rapids, coves, bays, headlands, capes, islets, islands, ports or harbors. Sounding depths and reefs are indicated throughout. Differences in elevation are illustrated by hatched lines, marshland areas are dotted with blades of grass and sandbanks are indicated by dotted areas. These latter were, of course, of great interest to the river's navigators; they include areas near the Île de Saint Barnabé and the Pointe-aux-Allumettes. As a practical navigational aid, four of the five insets focus on navigation directions in regions that are particularly difficult to navigate, including the Pointe-aux-Allumettes, the navigation channels surrounding the Île d'Orléans, the Sept-Îles area and the harbor of Saint-Nicolas. The fifth inset represents two sections of the river's course, from Québec City to Montréal and from Montréal to Lake Ontario. This latter inset does not contain information about potential navigation hazards.
Although it is commonly believed that Deshayes' chart was not published until 1702, an unofficial version may have appeared already in 1695 (The Quarto, 1974; . 34 While local pilots and navigators worked hard to characterize navigation hazards, their charts were relatively crude compared with Deshayes' monumental effort. Jolliet's earlier attempts at charting the Saint Lawrence River Valley were based on 46 voyages he made over a period of five years. This culminated in a large-scale regional chart, which was eventually compiled by Franquelin in 1685. The latter chart was, however, insufficiently accurate to safely navigate the entire river course.
SCIENCE AND POLITICS
The 1690s witnessed an increased military role in the North Atlantic, prompting calls for more accurate maps and sailing directions (Pritchard, 2004) . The commonly used Dutch 'portolan'style pascaarten, mostly dating from the early to mid-17th century, were not sufficiently reliable to sail up the Saint Lawrence River. 35 European navigators had developed portolan maps-from the Italian word portolani, a 'collection of sailing directions related to ports'toward the end of the 13th century. They represented a novel type of marine charts based on direct observation using a mariner's compass (Lane, 1963) . These maps, accurate even by modern standards, were used routinely until well into the 17th century (e.g., de Grijs, 2017). Figure 6 shows an excellent representation of one such pascaarte, authored by the Dutch cartographer Johannes van Keulen (1654-1715) between 1697 and 1709. It is based on an earlier navigation chart, the Atlas van Loon (1666), by Johannes Janssonius (1588-1664), combined with an expanded map from 1678 by the Amsterdam-based publisher and cartographer Hendrick Doncker (1626-1699). These charts were only meant to aid sailors in crossing the Atlantic and finding their bearings upon arrival near the opposite coast. Fairly rudimentary renderings of any inland waterways were based on previous English and French charts. They were insufficiently detailed for safe navigation. Despite attempts by individual navigators to collect directions while sailing across the North Atlantic, there was no single clearinghouse that could organize these efforts into a coordinated approach. This situation was not conducive to detecting problems and it actually encouraged personal rivalries to develop. In 1699, the first naval archives were established, leading to some coordination of the proliferation of maps and charts that had accumulated across government offices.
That same year, Deshayes sought permission to publish his 1686 chart of the Saint Lawrence River Valley. The French Secretary of State for the Navy, Jérôme Phélypeaux (1674-1747), Comte de Pontchartrain, forwarded Deshayes' request to the Académie. 36 In June 1699, the Académie formally endorsed the chart's publication and Deshayes obtained a privilège from the King to publish his chart. 37 It was published in 1702, although it may have been rendered on a reduced scale compared with the original (Litalien et al., 2007) . Publication was undertaken "A Paris Chez N[icolas] de Fer dans l'Isle du Palais sur le Quay de l'Orloge à la Sphere Royale. Avec permission du Roi"-indeed, with the King's permission. The fact that a royal privilege was required upon endorsement by the Académie did not facilitate rapid dissemination of novel scientific results. In fact, it gave too much power and control to the institution for science to successfully contribute to seeking practical solutions to real-world problems-indeed to some extent contradicting the Académie's raison d'être… 
LATER LIFE
Despite calls for new surveys 38 the War of the Spanish Succession (1701-1714) and associated military altercations with the English in North America, 39 as well as depleted navy finances, prevented this from happening. Deshayes' chart was reprinted after the death of King Louis XIV in 1715, but updated with sailing directions based on journal entries from the 1690s by captain Pierre le Moyne d'Iberville . It became a basic reference tool for the navigators and pilots of New France until the end of French rule in Québec in 1763, when France ceded control of its North American colonies to Great Britain and Spain. Subsequent charts of the Saint Lawrence River Valley-including those compiled by Richard Testu de la Richardière (1730-1741), Gabriel Pellegrin (1734-1755), Jean Baptiste Bourguignon d'Anville (1755), Jacques Nicolas Bellin (1757) , Cook (1775) and others-used Deshayes' 1702/1715 chart as their baseline. Other cartographers also contributed independently around the same time. One particularly noteworthy example is the 1709 chart of Jean-Baptiste Decouagne (1687-1740), surveyor and military engineer, which was based on competent use of the latest techniques and instruments. In 1757, Deshayes' hydrographic map took on unexpected military and commercial importance. That year, the British firm of Thomas Jefferys copied it for use by British navigators (see Figure 7) ; its chart was subsequently reissued three times until 1775.
Meanwhile, under the guidance of Lieutenant Samuel J. Holland (1728-1801), Cook gained his first experience in hydrographic surveying and cartography, at Kennington Cove (Cape Breton Island, at the time known as Île Royale), using a plane-table to chart the Gulf of Saint Lawrence, 40 the Saint Lawrence River, and eventually also Newfoundland and Labrador (Skelton, 1954; Ritchie, 1978; . Charting of the Saint Lawrence Seaway had become a high-priority military endeavour, given British attempts to capture Québec and the surrounding French territory. Their campaign was hampered by the treacherous waters of the Saint Lawrence River approach to Québec, for which Deshayes' updated 1715 chart was still the most detailed resource at the time.
Following Deshayes' sudden departure from Québec in November 1686, his name all but disappears from any formal correspondence until the beginning of the 18th century. It is thought that he returned to teaching mathematics in France until 1702, when he was dispatched once again across the Atlantic. The high quality of the chart resulting from his earlier period of residence in the colonies may well have contributed to his appointment as Royal Hydrographer of New France in 1702, as successor to both Franquelin and Jolliet. He arrived back in Québec later that year, tasked with teaching navigation and pilotage for the next four years at the Jesuits' Séminaire (Collège) de Québec as the colony's Professor of Hydrography. Louis Jolliet had died in 1700, leaving the education of navigation in the colonies in disarray. In 1703, Deshayes was promoted to the colony's deputy engineer. The following year, he proceeded to compile a new chart of the Saint Lawrence River's northern shore to visualize the expedition to Labrador undertaken by Augustin le Gardeur de Courtemanche (1663-1717), the Canadian soldier and ambassador. Deshayes left a modest inventory, including a surveyor's level with tripod, a quadrant, three compasses, some lenses, a ruler, and a geometric compass. He also left behind a 43volume library that stood out among others in the colony because it did not include religious books, while the scientific manuscripts were of very high quality-including five books about astronomy, 41 a number of treatises about tides and meteorology, and seven books about navigation and pilotage, including a copy of the Théorie des manoeuvres des vaissaux. He also owned some copies of the Connoissance des temps, an almanac established in 1679 and subsequently published by the Académie since 1702. This publication is noteworthy, because it was entirely based on exact astronomical information and measurements, without any reliance on the astrological notions still so commonly invoked at the time.
A SIGN OF THE TIMES
Throughout Deshayes' active career, Colbert became one of the most important drivers of innovation in mapmaking. He stood at the basis of the foundation of the Académie Royale des Sciences. He also contributed significantly to what later became known as the Dépôt des cartes et plans de la Marine. Although the institution was formally established only in 1720, Colbert's hand in its creation is evident from around 1682, when he appointed a technician tasked with compiling and organizing cartographic documentation received by his Ministry.
The world was about to change irrevocably. Trade routes expanded significantly, in turn necessitating more accurate maps (for a comprehensive review of these developments, see de Grijs, 2017) . 42 Aristotelian belief systems gave way to approaches we now collectively refer to as the scientific method, although the Jesuit missionaries retained their traditional cosmology for a while. Indeed, the 17th century Scientific Revolution had already managed to gain a robust foothold in the nascent community of scholars and natural philosophers, with more to come in the 18th century, which had only just begun. Most importantly in the context of our current narrative, the size and shape of the Earth became ever more tangible. By the end of the century, the English clockmaker John Harrison (1693-1776) solved the intractable 'Longitude Problem' through innovative design and advances in metallurgy. Positions could finally be determined reliably.
NOTES
1 On 3 July 1608, Samuel de Champlain (1574-1635), the French explorer and diplomat now known as the Father of New France, had established the town of Québec. The entire population of New France consisted of around 11,000 residents in 1685. Population growth in the 17th and 18th centuries proceeded slowly, with 18,500 residents recorded in 1713 and 55,000 in 1754. In that latter year, the population of Québec City had only just reached 8000 (Kerr, 1966) . 2 Hydrographers measure and describe physical features of bodies of water and the land-water interface, primarily for navigational purposes. 3 The territory of New France consisted of five colonies, including Canada, Hudson's Bay, Acadia, Plaisance (on Newfoundland) and Louisiana. Canada, in turn, was subdivided into the districts of Québec, Trois-Rivières and Montréal. 4 Deshayes was not the first scholar to attempt longitude determination in Canada (Jarrell, 1988) , but his results were the most accurate yet. Prior to Deshayes' determination, Captain Thomas James (1593 -1635 had observed the 29 October 1631 lunar-eclipse timings, which the mathematician Henry Gellibrand (1597-1637) attempted to use, in combination with his own observations in London, to achieve the same for the longitude of Charlton Island. He also used stellar occultations (where the Moon eclipsed a star in the constellation Corona Borealis) to obtain an independent estimate. Although his results were very close to the present-day value, Jarrell (1988) suggests that this may be owing to a combination of errors cancelling each other. Around the same time, the Jesuit priest Pierre Le Jeune (1591-1664) attempted a similar feat, but with a rather poor accuracy of 19°. 5 Navigation of the river and exploration of new lands would drive the economy under the French administration, which lasted until the Battle of the Plains of Abraham, just outside the walls of Québec, on 13 September 1759, between Generals Montcalm and Wolfe. 6 On 17 June 1685, Colbert provided detailed instructions to the intendant and interim governor of New France, Jacques de Meulles (d. 1703), as regards the work that was to be undertaken by Deshayes. He also requested that his envoy be provided with a vessel to travel down the river (Roy, 1916) . 7 Although several sources emphasize Deshayes' orders to obtain astronomical observations (e.g., Roy, 1895; Roy, 1916) , the type of observations he was meant to obtain is not specified. It is likely that he was tasked with determining latitudes of locales along the Saint Lawrence River using astronomical observations. 8 Unless otherwise indicated, all translations from French are my own. 9 Although determination of one's latitude was much easier than obtaining longitude, on land solar altitude measurements were affected by a combination of factors that rendered them uncertain, including the difficulty of determining the exact time of local noon, instrumental and observer errors, and not having corrected for atmospheric or instrumental refraction. 10 Although the much more accurate sextant was not used in practice until around 1731, by John Hadley (1682-1744) and Thomas Godfrey (1704-1749), in 1685 one could obtain latitude determinations to
